































4HE  DEPOSITION  OF  GOLD  HAS  NUMEROUS  APPLICATIONS  IN 
MICROELECTRONIC  OPTOELECTRONIC  AND  MICROSYSTEM 
TECHNOLOGIES  ;=  4HE  USE  OF  GOLD  IN  THESE  INDUSTRIES 
ARISES PRIMARILY BECAUSE OF ITS EXCELLENT CORROSION RESISTANCE 
SOLDERABILITY  AND  BONDABILITY  AND  ITS  HIGH  ELECTRICAL  AND 
THERMAL CONDUCTIVITY -OREOVER GOLD CAN BE READILY DEPOSITED 
USING  A  VARIETY  OF  TECHNIQUES  INCLUDING  PHYSICAL  VAPOUR 
DEPOSITION 06$	 SUCH AS SPUTTERING AND EVAPORATION AND ALSO 
ELECTRODEPOSITION METHODS  SUCH AS ELECTRO AND ELECTROLESS 
PLATING  )N  MANY  INSTANCES  THE  USE  OF  ELECTRODEPOSITION 
TECHNIQUES  ARE  PREFERRED  BECAUSE  OF  THEIR  RELATIVELY 
LOWCOST  AND  POTENTIALLY  HIGHER  DEPOSITION  RATE  AND  ½LM 
THICKNESS  COMPARED  TO  06$  METHODS  )N  ADDITION 
ELECTRODEPOSITION  CAN  BE  PERFORMED  WITH  RELATIVELY  SIMPLE 
AND  INEXPENSIVE EQUIPMENT AND THE PROCESSES ARE  TYPICALLY 








BE  MADE  WITH  VERY  HIGH  RELIABILITY  %LECTRODEPOSITION  IS 
ALSO EXTENSIVELY TO FABRICATE GOLDPLATED CONTACTS ON DEVICES 
FOR EXAMPLE EDGE CONNECTORS ON PRINTED CIRCUIT BOARDS ;= 
&OR  SUCH APPLICATIONS  IT  IS  NECESSARY  TO ELECTRODEPOSIT GOLD 
WITH  A  HIGH  HARDNESS  AND  WEAR  RESISTANCE  AND  WITH  A  LOW 
CONTACT RESISTANCE 
3INCE  THE  S  THERE  HAS  BEEN  A  TREND  AWAY  FROM 
WIRE BONDING TO MORE ADVANCED PACKAGING AND INTERCONNECT 
TECHNOLOGIES  WHICH  ALLOW  A  HIGHER  NUMBER  OF  )/  INPUT 
OUTPUT	  CONNECTIONS  BETWEEN  )#S  AND  EXTERNAL  DEVICES 
TO  BE  MADE  ;=  !N  EARLY  EXAMPLE  OF  THIS  TECHNOLOGY  IS 
TAPE AUTOMATED BONDING 4!"	  ALSO KNOWN AS TAPE CARRIER 
PACKAGING  4#0	  ;=  )N  THIS  TECHNIQUE  HIGH  DENSITY 
)/  CONNECTIONS  ARE  FACILITATED  BY  THE  ELECTRODEPOSITION 
OF  GOLD  BUMPS  ON  TO  THE  CONTACTS  PADS  OF  THE  )#  DEVICE 
4HIS  PROCESS  IS  DONE  AT  WAFER  LEVEL  WITH  ALL  BUMPS  ON 
THE  WAFER  BEING  FORMED  SIMULTANEOUSLY  4HE  )#  IS 
THEN  MOUNTED  ON  TO  A  ¾EXIBLE  POLYMER  TAPE  CONTAINING 
REPEATED  METALLISED  INTERCONNECTION  PATTERNS  !FTER 
ALIGNMENT  THE  TAPE  INTERCONNECT  PADS  ARE  ATTACHED  TO 
THE  GOLD  BUMPS  BY  THERMOCOMPRESSION  BONDING  )N  THIS 
MANNER A LARGE NUMBER OF HIGH RELIABILITY INTERCONNECTS CAN 
BE  FORMED  SIMULTANEOUSLY  'OLD WAFER  BUMPING  IS  NOW  AN 
ESTABLISHED  PACKAGING  TECHNOLOGY  FOR  )#S  WHICH  REQUIRE  A 
HIGH  NUMBER  OF  )/  CONNECTIONS  ;=  &OR  EXAMPLE 
INTERCONNECTS BETWEEN LIQUID CRYSTAL DISPLAYS ,#$S	 AND THEIR 
ASSOCIATED  DRIVER  )#S  ARE  USUALLY  PERFORMED  USING  4#0  AND 







-%-S	  TECHNOLOGIES  GOLD  ELECTRODEPOSITION  IS  FREQUENTLY 
USED  TO  FORM  ELECTRICAL  CONNECTIONS  STRUCTURAL  LAYERS 
ELECTRODES  AND  BOND  PADS  ON  DEVICES  )T  IS  ALSO  USED  TO 
FABRICATE  ABSORBERS  FOR  XRAY  MASKS  FOR  USE  IN  THE  ,)'! 
MICROFABRICATION PROCESS ;= /NE REPRESENTATIVE EXAMPLE 
OF THE USE OF GOLD PLATING IN -%-3 IS THE DEPOSITION OF GOLD 





ELECTRODE  ARRAYS MAY  BE  COATED WITH  A  THIN  LAYER  OF  OTHER 
MATERIALS  EG  0T  AND  )R/	  TO  IMPROVE  THEIR  STABILITY  AND 
PERFORMANCE ;= 
4HE MAJORITY OF THE APPLICATIONS MENTIONED ABOVE REQUIRE 
PATTERNED  ELECTRODEPOSITION  OF  GOLD  USING  THE  SOCALLED 
³THROUGHMASK´ PLATING TECHNIQUE ;=  )N THIS PROCESS THE 
WAFER SUBSTRATE IS TYPICALLY COVERED WITH A CONDUCTIVE ³SEED´ 
LAYER  WHICH  ACTS  AS  THE  PLATING  BASE  AND  AN  UNDERLYING 
ADHESION OR BARRIER LAYER 4YPICALLY THESE METAL SEED LAYERS ARE 
DEPOSITED USING SPUTTERING OR EVAPORATION 4HE SUBSTRATE  IS 
THEN  PATTERNED  WITH  A  PHOTORESIST  AND  GOLD  IS  SELECTIVELY 
ELECTROPLATED  INTO THE RESISTFREE AREAS &OLLOWING PLATING OF 
THE STRUCTURES TO THE DESIRED HEIGHT TYPICALLY  ¯  M	 THE 




IMPORTANT  ADVANTAGE  OVER  ALTERNATIVE  MICROFABRICATION 
METHODS SUCH AS LIFTOFF OR ETCHING ;= 




HEIGHT  AND  HAVE  LOW  HARDNESS  AND  SURFACE  ROUGHNESS 
OTHERWISE  THE  RELIABILITY  OF  INTERCONNECTS  MAY  BE  REDUCED 
;= ! LOW DEPOSIT STRESS IS ALSO DESIRABLE OTHERWISE ADHESION 
TO THE SUBSTRATE MAY BE COMPROMISED AND IT IS ESSENTIAL IN 
,)'!  FABRICATION  TO  AVOID  DISTORTION  OF  THE MASK  ;=  )N 
MICROWAVE  AND  2&  APPLICATIONS  ;=  IT  IS  IMPORTANT  THE 
ELECTRICAL  CONDUCTIVITY  OF  THE  GOLD  TRANSMISSION  LINE  IS  HIGH 
AND  SURFACE  ROUGHNESS  IS  LOW  IN  ORDER  TO  MINIMISE  SIGNAL 
ATTENUATION 
4HE  EXTENT  TO  WHICH  THESE  DESIRABLE  PROPERTIES  CAN 
BE  OBTAINED  DEPENDS  LARGELY  ON  THE  CHARACTERISTICS 
OF  THE  PLATING  PROCESS  4HE  PRESENT  REVIEW  WILL  THEREFORE 
EXAMINE  THE  USE  OF  VARIOUS  GOLD  ELECTROPLATING  PROCESSES 
WHICH  CAN  BE  USE  TO  FABRICATE  GOLD  STRUCTURES  ON  WAFERS 
SUITABLE  FOR  VARIOUS  MICROELECTRONIC  OPTOELECTRONIC 
AND  MICROSYSTEM  APPLICATIONS  4HE  EMPHASIS  IS  ON  THE 
PATTERNED  ELECTRODEPOSITION  OF  SOFT  GOLD  OF  HIGH  THICKNESS 
AND  ASPECT  RATIO  4HE  ELECTRODEPOSITION  OF  HARD  GOLD  AND 
THE  USE  OF  ELECTROLESS  GOLD  PLATING  IN  MICROELECTRONICS 
HAVE  BEEN  REVIEWED  ELSEWHERE  ;=  AND  WILL  NOT  BE 
DISCUSSED HERE
FABRICATION OF )))6 SEMICONDUCTOR DEVICES AND OPTOELECTRONIC 
COMPONENTS  ;=  &OR  EXAMPLE  IN  THE  MANUFACTURE 
OF  GALLIUM  ARSENIDE  )#S  GOLD  ELECTRODEPOSITION  IS  USED 
EXTENSIVELY TO FABRICATE AIRBRIDGE INTERCONNECTIONS ;= HEAT 
SINKS ;= AND ALSO FOR VIA ½LLING AND BACKSIDE METALLISATION OF 
WAFERS  ;=  )N  THE  OPTOELECTRONICS  INDUSTRY  GOLD  IS  USED  TO 
FABRICATE  INTERCONNECTS  AND  TRANSMISSION  LINES  SUCH  AS  IN 
THE  FABRICATION  OF  LITHIUM  NIOBATE  OPTICAL  MODULATORS  ;= 
&IGURE    FOR  EXAMPLE  SHOWS  A  TYPICAL  GOLD  COPLANAR
WAVEGUIDE  2&  ELECTRODE  STRUCTURE  ELECTROPLATED  ON  TO  A 
LITHIUM  NIOBATE  WAFER  4HE  PACKAGING  AND  ASSEMBLY  OF 
OPTOELECTRONIC COMPONENTS HAS ALSO MADE EXTENSIVE USE OF 
GOLD PLATING TECHNOLOGY &OR EXAMPLE ELECTRODEPOSITED GOLD 
AND  EUTECTIC  GOLDTIN  BUMPS  HAVE  BEEN  USED  TO  MOUNT 
OPTOELECTRONIC DEVICES SUCH AS HIGHPOWER ,%$S 0). DIODES 
































OF  THE  GOLD  COMPLEX  SHIFTS  TO  INCREASINGLY  MORE  NEGATIVE 
POTENTIALS AS THE STABILITY CONSTANTS INCREASES SEE 4ABLE 	
$ESPITE  THE  IMPORTANCE  OF  THE  STABILITY  CONSTANT  IN 
ESTABLISHING THE CHEMICAL AND ELECTROCHEMICAL PROPERTIES OF 
THE PLATING SOLUTION THERE IS RELATIVELY LITTLE DATA ;= REGARDING 
THE  STABILITY  OF MANY GOLD  COMPLEXES  4HERE  ARE  ALSO  SOME 









RELIABLE  VALUES  ALTHOUGH  CONSIDERABLE  UNCERTAINTIES  REMAIN 












AND  IT  IS  A  RELATIVELY  MATURE  AND  WELL  UNDERSTOOD  PROCESS 
;=  3OFT  GOLD  CAN  BE  DEPOSITED  FROM  CYANIDE  BATHS 
UNDER ALKALINE NEUTRAL OR ACID  SOLUTIONS AND  THE DEPOSITION 




RESISTANT  TO  DISPROPORTIONATION  HYDROLYSIS  OXIDATION  AND 






FOR  THROUGHMASK  PLATING  APPLICATIONS  !N  ESSENTIAL 
REQUIREMENT IS THAT THE PLATING BATH SHOWS GOOD COMPATIBILITY 
WITH THE PHOTORESIST MATERIAL OTHERWISE THE SIZE AND SHAPE 
OF  THE PLATED  STRUCTURES WILL  BE COMPROMISED  ;= -OST 
POSITIVE  RESIST  ARE  SOLUBLE  IN  ALKALINE  SOLUTIONS  SO  THAT  IT  IS 
IMPORTANT THAT THE P( IS MAINTAINED BELOW  AND IDEALLY A 







REVIEW  SOME  FUNDAMENTAL  ASPECTS OF  THE  AQUEOUS  SOLUTION 
CHEMISTRY  OF  GOLD  4HIS  WILL  CONCENTRATE  MAINLY  ON  !U)	 






AND  DEPOSITION  TYPICALLY  TAKES  PLACE  BY  DIRECT  ELECTRO
REDUCTION  OF  THE  COMPLEXED  SPECIES  4HE  AUROUS  ION 
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!  COMMONLY  ENCOUNTERED  DEFECT  IS  EXTRANEOUS  PLATING 
UNDERNEATH  THE  PHOTORESIST  LAYER  ³UNDERPLATING´	  WHICH  IS 
HIGHLY  UNDESIRABLE  IN  MOST  APPLICATIONS  ;=  )T  IS 
GENERALLY  BELIEVED  ;=  THAT  THIS  EFFECT  ARISES  BECAUSE  OF  A 
LOCAL  INCREASE  IN  THE  SOLUTION  P(  AT  THE  PHOTORESISTGOLD 
INTERFACE  DURING  THE  ELECTRODEPOSITION  PROCESS  RESULTING  IN 
PARTIAL LIFTING AND DISSOLUTION OF THE RESIST 0OOR CONTROL OF THE 
DIMENSIONAL  TOLERANCES  AND  DISTORTED  BUMP  FEATURES  HAVE 
ALSO BEEN OBSERVED DURING PLATING FROM A CYANIDE BATH ;= 
4HIS WAS ATTRIBUTED TO THE REACTION OF FREE CYANIDE IONS IN THE 
PLATING  SOLUTION  WITH  A  CARBONYL  GROUP  OF  THE  DISSOLUTION 
INHIBITOR  IN  THE PHOTORESIST  TO  FORM CYANOHYDRIN 4HE OTHER 
PRINCIPAL  DISADVANTAGE  OF  CYANIDE  IS  ITS  HIGH  TOXICITY  4HE 
HEALTH AND SAFETY ISSUES ASSOCIATED WITH THE USE AND DISPOSAL 
OF CYANIDE BATHS IS ANOTHER REASON WHY THEY ARE SELDOM USED 
IN  MICROELECTRONIC  OPTOELECTRONIC  AND  MICROSYSTEM 
INDUSTRIES
  3UL½TE BATH




BATHS  POSSESS  A  NUMBER  OF  IMPORTANT  ADVANTAGES  OVER 
CYANIDE  PROCESSES  &OR  EXAMPLE  THEY  TEND  TO  HAVE  BETTER 
THROWING  POWER  THAN  CYANIDE  BATHS  AND  THIS  CAN  RESULT  IN 
BETTER  BUMP  THICKNESS  UNIFORMITY  ACROSS  THE WAFER  ;=  )N 




FOR HANDLING AND DISPOSAL ARE MUCH  LOWER  THAN  FOR CYANIDE 
BATHS  4HE  STABILITY  CONSTANT  OF  !U3/	
  IS  HOWEVER   
TIMES  LOWER  THAN  FOR  THE  CORRESPONDING  CYANIDE  COMPLEX 
4ABLE  	  BUT  GOLD  SUL½TE  BATHS  STILL  POSSESS  RELATIVELY  HIGH 
STABILITY  PARTICULARLY  UNDER  ALKALINE  CONDITIONS  ;=  4HEIR 
COMPATIBILITY  WITH MOST  PHOTORESISTS  IS  ALSO  GOOD  AND  AS 
LONG  AS  THE  P(  IS  MAINTAINED  BELOW    DISSOLUTION  AND 
DELAMINATION OF THE PHOTORESIST  IS NOT OBSERVED ;= 
)N ORDER TO SATISFY THE REQUIREMENTS OF RESIST COMPATIBILITY AND 








CONDITIONS  NECESSARY  FOR  OPTIMUM  RESIST  COMPATIBILITY  ! 
NUMBER OF APPROACHES HAVE BEEN PRESENTED TO ALLOW SUL½TE 
BATHS  TO  OPERATE  AT  LOWER  P(  AND  TRADITIONALLY  THIS  HAS 




EXAMPLE  THE  ADDITION  OF  ORGANIC  AMINES  SUCH  ETHYLENE 
DIAMMINE ALLOWS SUL½TE BATHS TO BE OPERATED AT A P( RANGE 
OF  ¯  AND  THIS  STABILISATION  HAS  BEEN  ATTRIBUTED  TO  THE 
FORMATION OF MIXED SULPHITE AMINE COMPLEXES ;= 3IMILARLY 
-ORRISSEY ;= HAS ALSO DEVELOPED A GOLD SUL½TE BATH WHICH IS 
STABLE  TO  A P( OF  USING POLYAMINES  AND AROMATIC NITRO 
COMPOUNDS  AS  ADDITIVES -ORE  RECENTLY  A GOLD  SUL½TE BATH 
OPERABLE AT P(   HAS BEEN REPORTED ;= USING ´DIPYRIDYL 
AS A STABILISER 
4HE  USE  OF  BATH  ADDITIVES  TO  MODIFY  OR  ENHANCE  THE 
PROPERTIES  OF  THE  ELECTRODEPOSITED  GOLD  HAS  ALSO  BEEN 
INVESTIGATED &OR EXAMPLE ARSENIC HAS TRADITIONALLY BEEN USED 
AS A BRIGHTENER IN GOLD SUL½TE BATHS AND IT ALSO HAS A STRONG 
IN¾UENCE  ON  DEPOSIT  HARDNESS  MICROSTRUCTURE  AND  STRESS 






RE½NER  AND  ITS  IN¾UENCE  ON  HARDNESS  AND  STRESS  HAS  ALSO 
BEEN  INVESTIGATED  ;=  4HE  IN¾UENCE  OF  THE  PLATING 
CONDITIONS  ON  DEPOSIT  STRESS  HAS  ALSO  BEEN  EXPLORED  IN  A 
NUMBER  OF  PAPERS  )T  APPEARS  THAT  BY  CAREFUL MANIPULATION 
THE  CURRENT  DENSITY  TEMPERATURE  AND  CONCENTRATION 
OF ADDITIVES IT IS POSSIBLE TO DEPOSIT GOLD WITH ESSENTIALLY ZERO 
STRESS  ;= 0ULSE PLATING HAS ALSO BEEN USED  TO  IN¾UENCE 
DEPOSIT  CHARACTERISTICS  3OME  WORKERS  HAVE  REPORTED 
NO IMPROVEMENT USING PULSE PLATING ;= BUT OTHERS ;= 
HAVE  OBSERVED  ENHANCED  DEPOSITS  PROPERTIES  RELATIVE  TO 
$# PLATING 
3UL½TE  BATHS  ARE  USUALLY  FORMULATED  FROM  SODIUM  OR 
POTASSIUM SALTS BUT AMMONIUM GOLD SUL½TE BATHS HAVE ALSO 
BEEN  DEVELOPED  ;=  4HESE  BATHS  HAVE  BEEN  MAINLY 
USED FOR ELECTROFORMING EG DENTAL	 APPLICATIONS BUT 3IMON 
;=  HAS  RECENTLY  SHOWN  THEIR  SUITABILITY  FOR  WAFER  PLATING 
APPLICATIONS  $EPOSITS  FROM  AMMONIUM  SUL½TE  BATH  HAD 
EXCELLENT  CHARACTERISTICS  EG  LOW  HARDNESS  STRESS  AND 
ROUGHNESS	 EVEN IN THE ABSENCE OF ADDITIVES )N ADDITION THE 
BATH COULD BE OPERATED STABLY AT A P( OF   WITHOUT REQUIRING 
THE  USE  OF  STABILISING  AGENTS  (OWEVER  DESPITE  THEIR 




SIMPLEST  SCHEME  INVOLVING DIRECT ONE ELECTRON  REDUCTION OF 
THE  !U3/	
  COMPLEX  SEEMS  TO  ONLY  OCCUR  AT  LOW  OVER
POTENTIALS OR AT HIGH P( IE  	 ;= !T LOWER P( A VARIETY 
OF DIFFERENT MECHANISMS HAVE BEEN PROPOSED ;= USUALLY 
INVOLVING A  SERIES OF  COUPLED CHEMICAL  AND ELECTROCHEMICAL 






























/STERYOUNG  ;=  HAS  PROPOSED  A  NONCYANIDE  PLATING  BATH 
WHICH CONTAINS THIOSULFATE AND IODIDE AS COMPLEXING AGENTS 
AND  WHICH  OPERATES  AT  P(  OF    'IVEN  THE  MUCH  LARGER 









-ORE  RECENTLY  +OHL  ;=  STUDIED  THE  REDUCTION  OF  THE 
!U3/	






PLACE  BY  A  DIRECT  ONE  ELECTRON  REDUCTION  OF  THE  !U3/	
 














NEAR  NEUTRAL  OR  SLIGHTLY  ACIDIC  CONDITIONS  WHICH  MAKE  IT 
COMPATIBLE  WITH  ESSENTIALLY  ALL  PHOTORESIST  MATERIALS  4HE 
ENHANCED STABILITY OF  THE MIXED BATH WAS ATTRIBUTED  TO  THE 
FORMATION  OF  GOLD  THIOSULFATE  OR  MIXED  SUL½TETHIOSULFATE 
COMPLEXES WITH LARGE STABILITY CONSTANTS 4HE DECOMPOSITION 
OF THIOSULFATE IN THE BATH WAS MINIMISED BY THE PRESENCE OF A 
LARGE  AMOUNT  OF  EXCESS  SUL½TE  4HIS  TENDS  TO  DRIVE  THE 
EQUILIBRIUM IN REACTION  TO THE  LEFT THEREBY MINIMISING THE 
FORMATION OF COLLOIDAL SULFUR IN THE BATH ;= 
4HE  MIXED  BATH  USED  BY  /SAKA  ;=  CONTAINED    - 
(!U#L  - .A3/  - .A3/ AND  - .A(0/ 
AND  TYPICALLY  OPERATED  AT  A  P(  OF        )T  WAS  FOUND  THAT 
THIS  BATH  WAS  SUITABLE  FOR  DEPOSITING  MICROBUMPS  ON 
PATTERNED SILICON WAFERS AND DID NOT RESULT IN ANY DEGRADATION 
OF  THE  PHOTORESIST  OR  EXTRANEOUS  DEPOSITION  OF  GOLD 
4HE  RESULTING  GOLD  BUMPS WERE  SMOOTH  COPLANAR  AND  HAD 
A  HARDNESS  TYPICALLY        (6.	  SUITABLE  FOR  4!"4#0 
BONDING  4HE  DEPOSIT  HARDNESS  COULD  BE  CONTROLLED 
'OLD "ULLETIN    
BY  CHANGING  THE  RELATIVE  AMOUNTS  OF  SUL½TE  OR  THIOSULFATE 
IN  THE  BATH  THE  USE  OF  ADDITIVES  SUCH  AS  THALLIUM  OR  BY 
ANNEALING )N A SUBSEQUENT PAPER ;= THE IN¾UENCE OF SULFUR 
INCLUSION  ON  THE  DEPOSIT  MORPHOLOGY  AND  HARDNESS  WAS 
INVESTIGATED IN DETAIL
-ORE RECENTLY WE EXAMINED IN DETAIL THE SUITABILITY OF THE 
MIXED  BATH  FOR  OPTOELECTRONIC  AND  MICROELECTRONIC 






AND  WITH  GOOD  DIMENSIONAL  TOLERANCES  &IGURE    SHOWS  AN 
ARRAY OF GOLD BUMP TEST STRUCTURES THAT WERE ELECTRODEPOSITED 
FROM  THE MIXED BATH  &IGURE   SHOWS A  COMPARISON OF  THE 
STRESS  OBTAINED  FROM  THE  MIXED  BATH  COMPARED  TO 
COMMERCIALLY AVAILABLE SUL½TE AND AMMONIUM SUL½TE BATHS )N 
GENERAL  THE  MIXED  BATH  PRODUCED  DEPOSIT  WHICH  HAD 




A  MIXED  SUL½TETHIOSULFATE  BATHS  AND  ALSO  FOUND  THAT  THE 
FORMER HAD BETTER ADHESION
$ESPITE  THE  GOOD  PLATING  PERFORMANCE  OF  THE  SUL½TE
THIOSULFATE  BATHS  THERE  IS  SOME  UNCERTAINTY  REGARDING  THE 




EXPERIMENTS  ;=  INDICATED  THE  POSSIBLE  FORMATION  OF MIXED 
SUL½TETHIOSULFATE  !U)	  COMPLEXES  4HE  EVIDENCE  FOR  THE 
EXISTENCE OF THESE MIXED COMPLEXES WAS LARGELY CIRCUMSTANTIAL 
BUT  SUBSEQUENT  ION  CHROMATOGRAPHY  MEASUREMENTS  ;= 





  IN  SOLUTION  AND  THEIR 
STABILITY CONSTANTS HAVE ALSO BEEN ESTIMATED ;= 
5SING THIS DATA WE HAVE RECENTLY ANALYSED THE SPECIATION 













3INCE  !U)	  FORMS  COMPOUNDS  WITH  MANY  OTHER  LIGANDS  IT 
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4ABLE   MIGHT  SERVE  AS  THE  BASIS  FOR  GOLD  PLATING  BATHS  )N 
PRACTICE  HOWEVER  SOLUTIONS  CONTAINING  HALIDE  AMMONIA 
HYDROXIDE THIOCYANATE THIOUREA AND HYDROXIDE LIGANDS HAVE 
ALL BEEN FOUND TO BE UNSUITABLE DUE TO A COMBINATION OF POOR 










IN  MICROELECTRONIC  OPTOELECTRONIC  OR  MICROSYSTEM 
APPLICATIONS
'OLD PLATING BATHS BASED ON COMPLEXES BETWEEN !U)	 AND 
MERCAPTOALKYLSULFONIC  ACID  LIGANDS  SUCH  AS  MERCAPTO
ETHANOIC ACID -%3	 MERCAPTOPROPANOIC ACIDS -03	 AND 




  HAVE  NOT  BEEN  MEASURED  BUT  BASED  ON  A 




!U)	  WITH  A  STABILITY  CONSTANT  OF  LOG  B      ;=4HESE 
BATHS  ARE  NONTOXIC  AND  STABLE  UNDER  WEAKLY  ALKALINE 
CONDITIONS BUT THE CURRENT DENSITY IS RELATIVELY LOW  	 
4HE  RESULTING  DEPOSITS  ARE  SMOOTH  AND  DUCTILE  BUT  THEIR 
SUITABILITY  FOR  TYPICAL  THROUGHMASK PLATING  APPLICATIONS  HAS 
NOT YET BEEN INVESTIGATED 








CONSTANTS  OF  LOG  B      !U-(	
	  AND  LOG  B     
!U$-(	
	  HAVE  BEEN  DETERMINED  FOR  THESE  SPECIES  ;= 
5NDER OPTIMUM PLATING CONDITIONS IE  O# AND P(  	 THE 
CURRENT  EF½CIENCY  IS  CLOSE  TO    AND  THE  DEPOSITS  ARE 
SMOOTH  UNIFORM  DENSE  AND  HAVE  HIGH  SOLDERABILITY  ;= 
4HALLIUM  HAS  ALSO  BEEN  USED  TO  REDUCE  THE  GRAIN  SIZE 
AND  INCREASE  THE BRIGHTNESS OF DEPOSITS OBTAINED  FROM  THE 
$-( BATH ;= 
  "ATH STABILITY
!  SIGNI½CANT  PROBLEM  WITH  MANY  GOLD  PLATING  BATHS  IS 
THEIR  POOR  STABILITY  )T  HAS  ALREADY  BEEN  NOTED  THAT  THE 
CYANIDE BATHS ARE HIGHLY STABLE BUT NONCYANIDE BATHS SHOW 
VARYING  DEGREES  OF  INSTABILITY  WHICH  CAN MAKE  THEIR  USE  IN 
A  PRODUCTION  ENVIRONMENT  DIF½CULT  4HE  INSTABILITY  OF MANY 
FREESTANDING GOLD PLATING SOLUTIONS USUALLY MANIFESTS ITSELF IN 
THE FORMATION OF COLLOIDAL GOLD AND THIS IS TYPICALLY ATTRIBUTED 










2ECENTLY  WE  HAVE  PERFORMED  A  SPECIATION  ANALYSIS  OF  A 
NUMBER  OF  !U)	  BATHS  CONTAINING  SUL½TE  AND  THIOSULFATE 
AS  LIGANDS  AND  SHOWED  THAT  THE  CONCENTRATION  OF  !U  IS 
TYPICALLY  EXTREMELY  LOW  AND  IT  IS  THEREFORE  UNLIKELY  THAT 
OBSERVED  INSTABILITY  CAN  ARISE  FROM  REACTION    EVEN 
THOUGH  THERMODYNAMICALLY  IT  IS  VERY  FAVOURABLE  ;=  )T 
IS  MORE  PROBABLE  THAT  COLLOIDAL  GOLD  IS  FORMED  FROM  THE 
DISPROPORTIONATION OF OTHER UNSTABLE !U)	 COMPLEXES PRESENT 



























































DISPROPORTIONATION  TO  FORM  COLLOIDAL  GOLD  -OREOVER  THE 




OF  THE  LOWER  CONCENTRATION  OF  DISPROPORTIONATING  SPECIES 
IN  THE  FORMER SYSTEM 3UCH AN ANALYSIS CAN ALSO BE USED TO 
UNDERSTAND  WHY  SUL½TE  AND  THIOSULFATE  BATHS  TEND  TO  BE 










KNOWN  ;=  AND  PROLONGED  EXPOSURE  TO  56  LIGHT  CAN  ALSO 
INDUCE DECOMPOSITION OF GOLD PLATING SOLUTIONS 
4HE  STABILITY  OF  !U)	  BATHS  DURING  ELECTRODEPOSITION 
CAN ALSO BE  LIMITED BY  THE  FORMATION OF COLLOIDAL GOLD  )T  IS 






WHICH OCCURS  IN PARALLEL  TO  THE MAIN  REDUCTION OF  THE GOLD 
COMPLEX &OR GOLD SUL½TE BATHS AT P(   THE CURRENT EF½CIENCY 




4HE  DITHIONITE  SPECIES  IS  A  STRONG  REDUCING  AGENT  AND  CAN 















  CANNOT  BE  ATTAINED  ;=  )N  ADDITION 
THE  REDUCTION  POTENTIAL  OF  THE  BISUL½TE  ION  SHIFT  TO  MORE 
CATHODIC  POTENTIALS  AS  THE  P(  IS  INCREASED  ;=  SO  THAT 
INCREASED ALKALINITY WILL ALSO TEND TO FAVOUR THE REDUCTION OF 
THE !U)	 COMPLEX 
4HE  IMPROVED  STABILITY  OF  THE  SUL½TETHIOSUL½TE  AND 
THIOSUL½TE  BATHS  COMPARED  TO  SUL½TE  BATHS  UNDER 
ELECTRODEPOSITION  CONDITIONS  CAN  ALSO  BE  RATIONALISED  IN 
TERMS OF THE FORMATION OF DITHIONITE )N THE CASE OF THE MIXED 
SUL½TETHIOSUL½TE BATH REDUCTION OF THE GOLD COMPLEX OCCURS 
AT  A  LESS  CATHODIC POTENTIAL  THAN  FOR  SUL½TE  ;=  SO  THAT  AT 
THE SAME P( AND CURRENT DENSITY  THERE  IS CONSIDERABLY  LESS 
DITHIONITE FORMATION &OR THIS REASON IT IS POSSIBLE TO OPERATE 




4HE  DECOMPOSITION  OF  GOLD  PLATING  SOLUTION  CAN  BE 

















FOR  THE  FABRICATION  OF  A  WIDE  RANGE  OF  MICROELECTRONICS 
MICROSYSTEM  AND  OPTOELECTRONICS  COMPONENTS  #URRENTLY 
THE MAIN USE FOR ELECTRODEPOSITED GOLD IS IN MICROELECTRONIC 
PACKAGING BUT IT IS ANTICIPATED THAT ITS USE IN OPTOELECTRONIC 


































































































MASK  PLATING WILL  CONTINUE  TO  BE  AN  IMPORTANT METALLISATION 
PROCESS PARTICULARLY WHEN THICK ½LMS WITH HIGH ASPECT  RATIOS 
ARE REQUIRED ! NECESSARY REQUIREMENT FOR THIS TECHNOLOGY WILL 





MANY OF  THE  ISSUES ASSOCIATED WITH CYANIDE PROCESSES ¯  IT  IS 
RELATIVELY STABLE NONTOXIC AND IS WIDELY USED IN INDUSTRY 4HERE 
ARE  HOWEVER  STILL  SOME  ISSUES  WHICH  REQUIRE  ATTENTION  &OR 
EXAMPLE  SUL½TE  BATHS  OFTEN  REQUIRE  THE  USE  OF  ADDITIVES  TO 
OBTAIN  DESIRABLE  DEPOSIT  PROPERTIES  AND  STABILISERS  TO  ENSURE 
SATISFACTORY OPERATION AT LOW P( 
4HE  LATEST  GENERATION OF  NONCYANIDE BATHS OFFERS  SOME 
SIGNI½CANT  IMPROVEMENTS  OVER  EXISTING  SUL½TE  BATHS  &OR 





















$R  4ODD  'REEN  IS  CURRENTLY  A 
MICROSYSTEM  ENGINEER  AT  ).%8  AT  THE 
5NIVERSITY OF .EWCASTLE 5+ &OR THE PAST 
  YEARS  HE  HAS  BEEN  INVOLVED  IN  THE 
MICROFABRICATION  OF  OPTOELECTRONIC  AND 
-%-S  DEVICES  IN  BOTH  COMMERCIAL  AND 
ACADEMIC  ENVIRONMENTS  (IS  RESEARCH 
INTERESTS  ARE  IN  MICROFABRICATION  TECHNOLOGIES  PARTICULARLY 
THOSE INVOLVING ELECTROCHEMICAL DEPOSITION AND ETCHING
2EFERENCES
   -ICROELECTRONIC 0ACKAGING - $ATTA 4 /SAKA AND *7 3CHULTZE %DITORS 
#2# 0RESS "OCA 2ATON 
     2 (OLLIDAY AND 0 'OODMAN )%% 2EVIEW   	 
'OLD "ULLETIN    
   * 3IMON 7 :ILSKE AND & 3IMON 0ROCEEDINGS  )NTERNATIONAL  
&LIP #HIP "ALL 'RID !RRAY 4!" AND !DVANCED 0ACKAGING 3YMPOSIUM  
 P 
  0 ,AUDE % -ARKA AND : -ORRENS 53 0ATENT  	
  *  0 $ERIVAZ ! 2ESIN AND 3 ,OSI 3URF 4ECHNOL   
   . 3HIRAI 3 9OSHIMURA % 3ATO AND . +UBOTA (YOMEN 'IJUTSU * 3URFACE 
&INISH 3OC *APAN	   
  ! &ANIGLIULO AND " "OZZINI 4RANS )NST -ETAL &INISHING   
  - ' !LYMORE AND $ - -UIR -INERALS %NGINEERING   
   8 7ANG . )SSAEV AND * ' /STERYOUNG * %LECTROCHEM 3OC   
 
  ! - 3ULLIVAN AND 0 ! +OHL * %LECTROCHEM 3OC   
   - +ATO + .IIKURA 3 (OSHINO AND ) /HNO (YOMEN 'IJUTSU * 3URFACE 
&INISH 3OC *APAN 	   
   - +ATO 9 9AZAWA AND 9 /KINAKA 0ROCEEDINGS !%3& 4ECHNICAL 
#ONFERENCE 352&). ´  !MERICAN %LECTROPLATERS AND 3URFACE &INISHERS 
3OCIETY  P 
   4 /SAKA ! +ODERA 4 -ISATO 4 (OMMA AND 9 /KINAKA * %LECTROCHEM 
3OC   
   4 /SAKA - +ATO * 3ATO + 9OSHIZAWA 4 (OMMA 9 /KINAKA AND / 
9OSHIOKA * %LECTROCHEM 3OC   #
  4 ! 'REEN -  * ,EIW AND 3 2OY * %LECTROCHEM 3OC   #
   + 7ANG 2 "EICA AND . "ROWN %LECTRONICS -ANUFACTURING 4ECHNOLOGY 
3YMPOSIUM  )%%%#0-43%-) TH )NTERNATIONAL  P 
   9 ( /KUDAIRA AND ( 4AKEHARA 0ROC TH #ONF OF 3URFACE &INISHING 
3OCIETY OF *APAN  P 
   7 .IMAL 0ERERA ' 3ENANAYAKE AND - * .ICOL )NORG #HIM !CTA  
 
  0 (YDES AND ( -IDDLETON 'OLD "ULL   
   + ( :UBER ( 'RIESE * -ULLER AND 2 3CHMIDT )%%% )NTERNATIONAL 
3YMPOSIUM ON %LECTRONICS AND %NVIRONMENT )%%%  P 
   9 /HTANI + 3UGAWARA + .EMOTO ! 3HIOZAWA ! 9AMAGUCHI + /YAIZU 
AND - 9UASA (YOMEN 'IJUTSU * 3URFACE &INISH 3OC *APAN	   
 
   9 /HTANI 4 3AITO + 3UGAWARA ! 3HIOZAWA ! 9AMAGUCHI + /YAIZU  
AND - 9UASA (YOMEN 'IJUTSU * 3URFACE &INISH 3OC *APAN	   
 
   9 /HTANI + 3UGAWARA + .EMOTO ! 3HIOZAWA ! 9AMAGUCHI + /YAIZU 
AND - 9UASA (YOMEN 'IJUTSU * 3URFACE &INISH 3OC *APAN	   
 
  * 3OCHA 3 3AFARZYNSKI AND 4 :AK * ,ESS#OMMON -ET   
  , ( 3KIBSTED AND * "JERRUM !CTA #HEMICA 3CANDINAVICA  ! 
  ! 6OGLER AND ( +UNKELY #OORD #HEM 2EV   
  * 4URKEVICH 'OLD "ULL   
   9 6 4OLMACHEV : 7ANG 9 (U ) "AE AND $! 3CHERSON !NAL #HEM 
  
